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abstract; The host range and morphology of a mycelial and endospore-forming bacterium (CNP) that par¬ 
asitizes the cyst nematode, Heterodera elachista, differentiates it from 2 related species, Pasteuria penetrans and 
Pasteuria thornei, parasites of Meloidogyne spp. and Pratylenchus spp., respectively. In cross-inoculation ex¬ 
periments with the 3 bacteria, the CNP parasitized the nematodes Heterodera glycines and Globodera rostochiensis 
but not species in either Meloidogyne or Pratylenchus. The rhomboidal shape of the sporangia of Pasteuria thornei 
distinguishes this species from the other 2 bacteria, which have cup-shaped sporangia. The results of the cross¬ 
inoculation studies and differences in the fine structure of the cup-shaped sporangia suggest that CNP should 
be assigned to a new species within the genus Pasteuria. 
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A recent revision of the genus Pasteuria delin¬ 
eated 2 species, Pasteuria penetrans Starr and 
Sayre, 1988, sensu stricto and Pasteuria thornei 
Starr and Sayre, 1988 (Starr and Sayre, 1988; 
Sayre and Starr, 1989), which are parasites of the 
root-knot nematode, Meloidogyne incognita 
(Kofoid and White, 1919) Chitwood, 1949, and 
the root-lesion nematode, Pratylenchus brachy- 
urus (Godfrey, 1929) Filipjev and Schuurmans 
Stekhoven, 1941, respectively. Recently, another 
possible member of the genus Pasteuria was found 
by Nishizawa (1984) parasitizing Heterodera 
elachista Oshima, 1974. Following his initial ob¬ 
servation, Nishizawa (1986) associated the field 
presence of the bacterium with a decline in the 
population of the cyst nematode. Confirmation 
of this phenomenon was noted at the Tochigi 
Agricultural Experiment Station where soybean 
breeding lines were being screened for cyst nem¬ 
atode resistance (Nishizawa, 1987). 

The present study uses light and electron mi¬ 
croscopy to compare the morphology of this re¬ 
cently discovered bacterium, which parasitizes 
cyst nematodes with that of Pasteuria penetrans 
and Pasteuria thornei, 2 species of bacteria that 
parasitize some sijecies in the genera Meloido- 
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gyne and Pratylenchus, respectively. Although 
the nomenclature of the new bacterium will be 
presented at a later time, in this study the isolate 
that parasitizes cyst nematodes in the genera Het¬ 
erodera and Globodera will be referred to as the 
“cyst nematode parasite” or CNP. 

Materials and Methods 

Terminology 

The fine structure of the spore wall is used to delin¬ 
eate the species of Pasteuria taxonomically. To avoid 
confusion, in this study we have used the terminology 
of Sussman and Halvorson (1966) who described Neu- 
rospora spp., and that of Iterson (1988) who discussed 
and clarified the terminology of Gram-positive bac¬ 
teria. Briefly, the following terms will be used: (1) “en- 
dospore” refers to the single asexual spore that devel¬ 
ops within a sporangium and is surrounded by an 
exosporium; (2) “endospore wall” is the structure that 
surrounds the central protoplast or core; (3) “plasma 
membrane” is the innermost structure that apposes the 
wall; (4) “cortex” is the multilayered inner spore wall 
and the outer spore wall; and (5) “perispore” refers to 
the limiting structures that include the wall layer formed 
outside the exosporium. 

Sources of nematodes 

For laboratory bioassays, pure populations of several 
different species of plant-parasitic nematodes were 
needed. These populations had the following charac¬ 
teristics: (1) the second stage juveniles (J 2 ) were healthy, 
vigorous, and capable of root penetration; (2) the ma¬ 
jority of the J 2 were the same physiological age; and 
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(3) the juveniles belonged to identified species and rac¬ 
es of root-knot or soybean cyst nematodes. Populations 
with these characteristics were obtained from aseptic 
cultures of root explants (Lauritis et al., 1982, 1983a, 
b; Huettel and Rebois, 1985). They consisted of Me- 
loidogyne incognita, Pratylenchus brachyurus, Heter- 
odera zeae Koshy, Swamp, and Sethi, 1971, and 4 races 
of Heterodera glycines Ichinohe, 1952. The nematodes 
were harvested from the cultures using a modified 
Baermann funnel technique (Niblack and Huang, 1985). 
In addition to the aseptic cultures, the following nem¬ 
atodes were maintained in greenhouse pot cultures: M. 
incognita on tomato cultivars (cvs.), Marglobe or Tiny 
Tim; M. hapla on a strawberry cv.. Sunrise; M.javanica 
on a tomato cv., Marglobe; H. glycines on a soybean 
cv., Kent; H. zeae on a com cv., Iowa Chief; and P. 
brachyurus on a peanut cv., Floramnner. Details for 
rearing M. incognita and P. brachyurus were reported 
previously (Sayre and Wergin, 1977; Sayre etal., 1988). 
H. glycines was maintained in the greenhouse on either 
soybeans (cv. Kent) or adzuki beans, Vigna angularis 
(Willd.) Ohwi and H. Ohashi (USDA accession 416742). 
Cysts were extracted from the soil (Ayoub, 1980) and 
placed on fine-mesh nylon in a Baermann funnel. The 
hatching Jj were collected from the funnel over a 2- to 
4-day period. Also, examinations of soil samples from 
previously reported field plot studies of Nishizawa 
(1987) had isolated 10 additional, commonly occur¬ 
ring, genera or species of plant-parasitic nematodes. 
These nematodes, which included Aphelenchoides sp., 
Aphelenchus sp., Helicotylenchus sp., Globodera ros- 
tochiensis, Paratylenchus sp., Paratrichodorusporosus, 
Rotylenchulus reniformis, Tylenchorhynchus sp., Ty- 
lenchulus semipenetrans, and Tylenchus sp., were also 
examined for the presence of CNP sporangia on their 
cuticular surfaces. 

Sources of the Pasteuria spp. 

Methods for the axenic cultivation of Pasteuria pe¬ 
netrans have not been reported; however, all isolates 
of the bacteria were maintained on their respective 
nematode hosts by the senior author. The cultivation 
procedure of Stirling and Wachtel (1980) was used to 
maintain Pasteuria penetrans on M. incognita infecting 
tomato plants (cv. Tiny Tim). Tomato roots, which 
were infested with root-knot nematodes parasitized by 
Pasteuria penetrans, were air-dried and ground into a 
fine powder. Samples of the powder were rewetted and 
ground with a pestle and mortar to release the endo- 
spores. The bacteria were separated from the plant 
debris by filtering the suspension through a 500-mesh 
screen that allowed passage of the sporangia and sub¬ 
sequent collection by centrifugation of the Pasteuria 
penetrans endospores. The source of Pasteuria thornei 
endospores was parasitized J 2 and adults of P. brachy¬ 
urus (Sayre et al., 1988; Starr and Sayre, 1988). The 
infected nematodes were extracted from the roots of 
peanut (cf. Floramnner) in a mist chamber (Chapman, 
1957). A second source of these endospores was air- 
dried soil from pots containing peanut roots that were 
infected with nematodes parasitized by Pasteuria 
thornei. When healthy J 2 and adults of P. brachyurus 
migrated through the contaminated soil, a high pro¬ 
portion of the nematodes were encumbered with en¬ 
dospores of the bacterium. 


CNP endospores were obtained from cysts of H. gly¬ 
cines that had been imported from Japan (Nishizawa, 
1986). To initiate a greenhouse culture in Beltsville, 
the cysts were cmshed in tap water. The number of 
endospores in this aqueous suspension was measured 
with a hemocytometer and adjusted to about 1,000 per 
ml. Juveniles of H. glycines (race 3), which were ob¬ 
tained from soybean (cv. Kent) root explant cultures, 
were suspended in tap water at a concentration of 100 
per ml. A 5-ml suspension of J 2 was then filtered through 
a 47-mm diameter membrane filter (Millipore 0.3-/im 
pore size). The filter, which retained the J 2 , was in¬ 
verted onto the surface of a 3-ml endospore suspension 
in a 50-mm diameter Petri dish (Falcon; 1006). The 
dish was then shaken (50 rpm) for 24—48 hr to allow 
the endospores to attach to the Jj. The suspension, 
consisting of the J 2 and their attached endospores, was 
then pipetted around the roots of soybean seedlings 
that were grown in 40-mm diameter Cone-Tainers (Ray 
Leacher Cone-Tainers, Canby, Oregon 97013) con¬ 
taining autoclaved Norfolk loamy sand. Forty-five to 
60 days later, the entire plant was removed from the 
container and the soil was washed from the root sys¬ 
tem. A dissecting microscope was used to examine the 
root system for parasitized immature females and ma¬ 
ture cysts (Ayoub, 1980). Visual selection and removal 
of parasitized cysts were difficult because less than 10% 
of the cysts were diseased. However, the diseased fe¬ 
males and cysts were generally smaller, duller, or more 
opaque than healthy cysts. The opacity resulted from 
bacterial and/or fungal colonizers of cysts. In addition, 
the diseased cysts usually sank to the bottom of the 
sampling dishes while the healthy cysts generally float¬ 
ed on the surface. Finally, the presence of the normal 
reproductive structures in adult females (i.e., uterus, 
ovaries, and eggs), or the presence of eggs in cysts, 
indicated that the bacterial parasite CNP was not pres¬ 
ent. 


Light microscopy of CNP 

Cysts parasitized by CNP were crushed and mounted 
on a microscope slide in a drop of tap water (Southey, 
1986). Photomicrographs of CNP were taken with an 
automatic exposure 35-mm camera attached to a com¬ 
pound microscope (NIKON Microphot F-X) fitted with 
an interference contrast system. Negatives were ob¬ 
tained on Kodak Tri-X Pan film that was processed in 
Microdol-X. Morphometric data were obtained by 
measuring the images in printed enlargements of the 
photomicrographs. 

Previous studies (Sayre and Starr, 1985; Starr and 
Sayre, 1988) indicated that the measurements of en¬ 
dospores observed by scanning electron microscopy 
(SEM) were smaller than those obtained by light mi¬ 
croscopy. This difference resulted from shrinkage that 
occurred during fixation, dehydration, and critical-point 
drying procedures that are required for SEM obser¬ 
vation. Consequently, sources of the morphometric data 
in the present study are designated by the instruments 
used to obtain the values, e.g., light microscopy data 
(LM), scanning electron microscopy data (SEM), and 
transmission electron microscopy data (TEM) (Table 
1). All measurements are in micrometers O^m) unless 
stated otherwise. 
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Table 1. Comparison of Pasteuria penetrans, Pasteuria thomei, and the CNP from cyst nematodes. All mea¬ 
surements are in micrometers. 


Characteristic Pasteuria penetrans Pasteuria thornei CNP 


Spherical, to clusters of 
elongated grapes 


Colony shape 

Sporangia 

Shape 

Diameter 

LM 

TEM 

Height 

LM 

TEM 

Episporic structures 
Exosporium 

Stem cell 

Central body 
Shape 


Diameter 

LM 

TEM 

Height 

LM 

TEM 

Partial epicortical wall 

Characteristics of pore 

Pore diameter (TEM) 
Episporal structures 

Fibers, origin and 
orientation 


Matrix, at maturity 


Host 

Completes life cycle in 
juveniles 


Cup-shaped 

4.5 ± 0.3 

3.4 ± 0.2 

3.6 ± 0.3 

2.5 ± 0.2 

Present, relatively smooth 
surface 

Rarely seen; attachment of 
a second sporangium 
sometimes observed 

Oblate spheroid, an ellip¬ 
soid sometimes almost 
spherical, narrowly ellip¬ 
tic in section 

2.1 ± 0.2 

1.4 ± 0.1 

1.7 ± 0.2 

1.1 ± 0.1 

Surrounds protoplast later¬ 
ally, not in basal or polar 
areas 

Basal annular opening 
formed from thickened 
outer wall 

0.3 ± 0.0 

Fibers arise directly from 
cortical wall, gradually 
arching downward to 
form an attachment layer 
of numerous shorter fi¬ 
bers 

Becomes coarsely granular; 
lysis occurs; sporangial 
wall collapses; base is 
vacuolate 

Root-knot nematodes: Me- 
loidogyne incognita 

No, only in adults 


Small, elongate clusters 


Rhomboidal 

3.5 ± 0.2 

2.4 ± 0.2 

3.1 ± 0.2 

2.2 ± 0.2 

Present, smooth 

Neither stem cell nor sec¬ 
ond sporangium seen 


Oblate spheroid, an ellip¬ 
soid sometimes almost 
spherical, narrowly ellip¬ 
tic in section 

1.6 ± 0.1 

1.3 ± 0.1 

1.5 ± 0.1 

1.1 ± 0.2 

Surrounds protoplast 
somewhat sublatendly 

Basal cortical wall thins to 
expose inner central 
body 

0.1 ± 0.0 

Long fibers arise directly 
from cortical wall, bend¬ 
ing sharply downward to 
form an attachment layer 
of numerous shorter fi¬ 
bers 

Persists, but more granular; 
some strands are formed 
and partial collapse may 
occur 

Root-lesion nematodes: 
Pratylenchus brachyurus 

Yes, in all stages 


Spherical, to clusters of elon¬ 
gated grapes 

Cup-shaped 

5.3 ± 0.3 

4.4 ± 0.3 

4.3 ± 0.3 

3.1 ± 0.3 

Present, velutinous to hairy 
surface 

Attachment of a second spo¬ 
rangium regularly seen 


Oblate spheroid, an ellipsoid 
narrowly elliptic in section 


2.1 ± 0.2 

1.6 ± 0.2 

1.7 ± 0.1 

1.3 ± 0.1 

Entirely surrounds protoplast 

Thickness of basal wall con¬ 
stant and is the depth of 
pore 

0.2 ± 0.0 

Same as P. penetrans, but ad¬ 
ditional layer is formed on 
the obverse surface of en- 
dospore 

Persists, numerous strands 
are formed and partial col¬ 
lapse may occur 

Cyst nematodes: Heterodera 
spp., Globodera rostochien- 
sis 

No, only in adults 


Scanning electron microscopy of CNP 

Nematodes that had been encumbered or parasitized 
by CNP were chemically fixed, dehydrated, critical 
point-dried, and coated for SEM observation. The 


specimens were placed in a 3.0% solution of glutaral- 
dehyde in 0.05 M phosphate buffer (pH 6.8) for at least 

1.5 hr, dehydrated in an ethanol series, critical point- 
dried, and mounted on aluminum stubs. Stubs bearing 
the dried specimens were sputter coated with 200-300 
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